It is well known that the tribological performance of materials highly depends on the surface topography. An experimental research to determine the friction coefficients for a few couples of material such as microtextured silicon/stainless steel, aluminium, copper, FR4 (epoxy-glass laminate) and PVC (Polyvinyl Chloride) is presented in this paper. (100) oriented monocrystalline silicon, microtextured through MEMS (Microelectromechanical Systems) technologies, was used. The influence of surface roughness on the static friction coefficient has been studied also. The experimental results have been validated by simulation with 20-sim software.
Introduction
It is well known that the tribological performance of materials is highly dependent on the surface topography [1, 2] . The introduction of specific microstructures on a sliding surface, involving flat and smooth zones interrupted by local depressions arrays of quadratic openings, microgrooves or micropores, can improve the tribological properties. These textures act as lubricant pockets retaining the oil in the contact even under high pressures; they, also, trap wear particles generated during movement, reducing the abrasive wear. Thus, the friction is reduced and the lifetime of components increased. The subject is interesting for the field of MEMS devices, too, where the surface forces (Van der Waals, capillary, electrostatic and chemical adhesion forces) become comparable to the action forces of the devices that are moving. In this case, lubrication and wear reduction methods at macro-scale cannot be used. The solution is surface micro/nanostructuring [3] .
The high accuracy, high resolution and freedom in choice of shapes, make the etched silicon wafers an interesting alternative to study the effect of surface material and texture [4] .
In this paper, well-defined surface textures were produced by photolithography and anisotropic etching in KOH of silicon wafer [5] . Static and kinetic friction coefficients determining tests for the textured silicon/steel, aluminium, copper, FR4 and PVC were performed using Imada apparatus equipped with a device developed specifically. To validate the experimental results, a simulation with 20-sim software has been made. The influence of surface roughness on the static friction coefficient has been studied, also.
Experimental

Achieving the Textures
In Figure 1 , one can see what means the correlation between selectivity and anisotropy when obtaining a certain profile characterized by a dimension "d" in plane and a depth "h". In case of monocrystalline silicon the etch rate "R" is minimum for the directions <111>, some higher for the directions <110> and maximum for <100>: R<100>/R<111> = 25 ÷ 60; that is why the structure form results trapezoidal with an angle Ζ = 54.74°. When the layer of etching stop misses, the resulted cavity profile is that one of an overthrown pyramid (self-lock etching). p -<100> silicon wafers of 4 inch diameter and 473 µm thickness were thermally oxidized in wet oxygen atmosphere to obtain a silicon dioxide (SiO 2 ) layer of about 1 µm thickness, used as a protective layer (mask) during the etching process. The oxide layer was patterned with arrays of quadratic openings with size of 3 µm, aligned along the principal flat (<110> directions) of the wafers, using a standard photolithographic technique, followed by etching in an HF -solution: first in "Buffered HF" solution (NH 4 F -HF) (6:1) at 32 °C (etch rate of about 0.1 µm/min) and, finally, in DIP solution (HF:H 2 O DI) (1:10) at 25 ºC. The silicon was then anisotropically etched in potassium hydroxide (KOH) (40 g/100 ml) at 80° C (etch rate of about 1.4 µm/min). The remaining oxide was removed using the same solutions as above. The texturized surface of silicon after the anisotropic etching is shown in Figure 2a . The Nova NanoSEM 630 (FEI Company), an Ultra high Resolution Field Emission Scanning Electron Microscope (UhR FE-SEM), was used for measurements. The silicon structure is composed from alternating textured and smooth stripes of 1.2 mm and respectively 0.1 mm width (Figure 2b) . The dimensions of the chip were 11.2 (width) x 11.5 (length) x 0.473 (thickness) mm 3 .
Determining the Friction Coefficients
The test stand for determining the static and kinetic sliding friction coefficients, (Figure 3) , has used the force required to pull a sled on the surface of tested material. Three texturized silicon chips, oriented parallel to the direction of movement, were attached to the sled, triangular, at maximum distance from each other. The sled dimensions were 100 x 60 x 10 mm 3 . The apparatus used to measure the tension from thread was Imada HV-500, acted with a hand wheel. The digital display provides information on the speed of the sled and duration test, given in seconds. Set stroke length was 125 mm. On the computer monitor have been read the values of variables such as time recording, maximum force, minimum force, average force. The static friction coefficient has been determined with the maximum force, and the kinetic one with the average force, for a sliding speed that varied between 2.54 to 3.70 mm/s. The tests were conducted in dry friction regime. The roughness of surfaces has been measured using Mitutoyo Surftest SJ 201P apparatus for a reference length of 0.25 mm. The surface roughness measured on wafers was Rz=0.07..0.1 µm between the structures and Rz=0.06…0.02 µm in cavities. 
Results and Discussion
The obtained results are presented in Table 1 and Figure 4 -Figure 6 . One can be seen that the value of the friction coefficients depend on surface material and topography, processing method and in some cases on pressure and relative speed, as well as on environmental and operational factors. The tests were performed at 25°C, and the specific pressure varied between 0.99 to 5.17 N/cm 2 (on all three chips). The kinetic friction coefficient diminishes at higher loads, being nearly independent of them and even of material. This behavior could be explained by the textures of silicon, which is also the hardest material and with the smallest roughness (corresponding to polishing) among those considered. 
Simulation of Sliding Friction Test with 20-sim Software and Conclusions
Because HV-500 apparatus is manually operated, replacing the hand wheel with a DC motor was desired with the help of a modeling software 20-sim (Figure 7 ), in order to obtain an uniform movement for the sled. The motor operation controlled by a step signal was considered. The movement starts after 1 second, with a stroke of 125 mm and a constant speed 0.0025m/s. In simulation a 1.8 N load was used and resulted a static coefficient around 0.5 that stabilizes at 0.43 -kinetic coefficient (Figure 8 ), values close to averages obtained by using the manually operated HV-500 apparatus. So, the experimental results have been validated. In this paper, a research of the influence of surface microtexture and roughness on friction coefficient has been made, with interesting results through nature of the investigated materials for MEMS applications. Study can be continued as regards the microscale friction reduction and correlation with surface topography.
